This paper describes a new methodology based on peak load consideration for reliability evaluation of a generation system. The methodology has been developed using Simpson's (1/3) rd rule for loss of load probability (LOLP) evaluation. Load models are considered as straight line and stepped load duration curve for reliability evaluation. The LOLP evaluation is based on peak load consideration. The probability of load exceeding the generating capacity has also been considered in LOLP evaluation.
INTRODUCTION
Loss of load probability (LOLP) is one of the most commonly used index for planning generation capacity. This index is generally obtained by convolving generation model with a load model. The generation system model used is known as capacity outage probability table. The traditional and well accepted algorithms for generation system modeling based on recursive procedures have been discussed in (Billinton 1970; Endreyni 1978; Dhilon and Singh 1981; Bansal et al. 2002; Saket and Bansal 2006; Wang and Billinton 2003; Li and Billinton 2003; Wang et al. 2002) . Such procedures are theoretically accurate for calculating the discrete probability distribution of the generation capacity outages. These discrete probability distributions are the outcome of (i) failure density functions, (ii) repair density functions, and (iii) derived availability and unavailability functions. Moreover, in such modeling the failure and repair distribution functions of each unit is assumed to be independent. Hence, for identical units binomial distribution is adopted. Recently many researchers have used continuous probability distribution as an approximation for capacity outage probability distribution (Alavi-Sereshki and Singh 1991) . (Alavi-Sereshki and Singh 1991) have presented a generalized approach to use continuous distribution approximation for generating capacity reliability evaluation. Gram-Charlier's expression is shown to have a special of this formulation. Potential of this method lies in the fact that any continuous distribution function can be examined for its suitability for modeling generation systems or in fact any discrete distribution function. LOLP distribution is based on two and three parameters Gamma distribution functions. Loss of load expression in days per year has been calculated based on daily peaks. Approach of (Tian et al. 1989 ) is based on Laguerre polynomials, which uses Gamma distribution as the basic building blocks. (Saket et al. 2001) have presented a methodology for evaluating the probability of failure based on continuous load and generation model at safety factor considerations. A frequency and duration approach for generation reliability evaluation using methods of stages has been developed in (Kim and Singh 1993) . Their approach postulates multi parameter distribution for the probability and frequency of generating capacity outages and parameters of these distributions are obtained from the generating unit parameters by using the moment matching techniques. (Malik et al. 1997 ) modeled adequately pumped storage units and used proper estimates of their load leveling benefits in generation capacity planning. The technique used is frequency and duration approach coupled with the equivalent load duration curve method.
This paper presents a new methodology based on peak load considerations for reliability evaluation of a generation system. The methodology has been developed using Simpson's (1/3) rd rule for LOLP evaluation. The probability of load exceeding the generating capacity has also been considered in LOLP evaluation. 
NOMENCLATURE

LOAD MODELS OF POWER SYSTEM
The capacity and load models are essentially merged using a suitable analytical technique to obtain a reliability index. Various load models very often used in reliability study (Billinton 1970 
3. LOAD DURATION CURVE: This is one of the most practical load model used in practice to evaluate LOLP index. It is constructed from chronological daily load curve.
TWO LEVEL REPRESENTATION OF DAILY LOAD:
In two level daily load duration curve, which is a cumulative curve of daily peak loads, the variation of load within a day are not recognized in it. Hence, LOLP is a crude approximation of system failure probability and, hence, system failure frequency is not calculated using load duration curve. For system failure frequency calculations a two level load representation is used and Markov modeling is used to represent transition of load from one load level to another.
It is assumed that low load is always same every day and designated as L o . The peak load 'L i ' vary daily and may occur in random sequence with relative frequency of occurrence. The mean duration t i of the peak is described by the exposure factor e = t i / d o . Where 'd o ' is the length of the load cycle typically may be 24 hours. The factor 'e' is considered the same every day, its magnitude lies between 0 and 1. It has been observed that results are not much sensitive to the value of 'e'. If we assume that total number of days are 'n' and peak level L i occurs for n i days, then relative frequency of occurrence of this peak level can be written as (Billinton 1970 
Further it is pointed out that transition from L o to any higher-level L i state will take place at a rate
Transition from higher level L i will take place to L o only with transition rate -
This way (6) and (7) along with steady state probabilities (4) and (5) specify the Markov modeling of two level representation of the daily load. This type of load modeling is a part of frequency and duration calculation.
EVALUATION OF PROBABILITY OF FAILURE: LOAD AS WELL AS GENERATION CAPACITY ASSUMED AS NORMAL DISTRIBUTION
The load on the generating station is assumed to have a Gaussian distribution for a specified time interval.
The aggregate generation capacity model is approximated as Gaussian (Khan 1998 ). The P F for the above generation and load models can be written as Daily variation in the load can be accounted by predicting the various load levels P di . Relative frequency of occurrence of these levels are assumed to be L o , L 1 , L 2 ,…, L i and frequency of occurrence as α 0 α 1 α 2 , ….., α i . For each load level probability of failure can be calculated and overall probability of failure is given as It is obvious that failure probability dependents on α i (can be found using eqn. 2), and βi given as 
GENERATION CAPACITY ADEQUACY EVALUATION BASED ON SAFETY FACTOR CONCEPTS AND PEAK LOAD CONSIDERATION
The probability distribution function of generation capacity is assumed to be Gaussian as earlier. Further, it is assumed that peak loading dominates over low-level loading, whereas, the probability of failure under low load level condition is negligible. Let us assume that P dmax is the peak loading on the generating system. The safety factor 'S' is defined as S = C/P dmax It is obvious that the generating capacity 'C' has normal distribution. Obviously 'S' is also a random variable. Since P dmax is assumed to be constant. The distribution 'S' will also be normal and is given as (AlaviSereshki and Singh 1991). This means that safety factor 'S' again is a Guassion distribution with mean. 
EVALUATION OF PROBABILITY OF FAILURE: LOAD DURATION CURVE AS LOAD MODEL
Failure probability has been evaluated with more realistic model as load duration curve as shown in Figure 1 (a). Generating model adopted is Normal distribution function as in Section 1. The evaluation is based on maximum average generation capacity available. The probability of load exceeding the capacity using load duration curve of Figure 1 Thus (22) can be evaluated by any one of the methods of area evaluation. Simpson's rule has been used to evaluate the LOLP. Evaluation of (22) is simplified if load duration curve is approximated using stepped load duration curve. This may be possible if daily load curve can be approximated as multilevel representation as is the case with Markov modeling of load in frequency and duration calculations.
Figure 1(a) Load duration curve
RESULTS AND DISCUSSION
The probability of failure has been evaluated for a load model as load duration curve as a straight line and a stepped load duration curves shown in Figure 1 (b) and (c). respectively. The generation capacity data for evaluation of LOLP are given in Table 1 . In first case, load duration curve is assumed to be a straight line assuming P dmax = 1000 MW and P dmin = 500 MW as shown in Figure 1 It is observed from curves B and C for 20 steps of load duration curve in Figure 2 (a) . that for the same generating capacity of the power system, the LOLP with σ C = 15% of − C is higher than σ C = 10% of − C . Similarly from curves D and E it is observed that the LOLP of curve E is greater than curve D at same generating capacity. This is due to the fact that large uncertainty involved in generating capacity function. From Figure 2 (b) . it is seen for 10 steps of load duration curve that LOLP of curve E is higher than A, B, C or D at same capacity. In summary, if the standard deviation of generating capacity increases, the failure probability of system increases at same generating capacity. The LOLP has been evaluated for stepped load duration curve for same generating capacity of Data given in Table I . The failure probability for 5 steps has been evaluated as shown in Figure 3 show the relation between LOLP and generating capacity for 10 steps and 4 steps respectively. LOLP of power system decreases with increases in generating capacity. For same generating capacity available, if σ C increases, the LOLP also increases. Table 1 with effects of various σ C . The LOLP has been evaluated for evaluation for various steps of load duration curve. The curves have been plotted for 10, 20, and 40 steps using Simpson's (1/3) rd rule. The LOLP of system increases with increments in σ C due to large uncertainty involved in the generating capacity distribution factor. From above discussions, it is obvious that failures probability of system decreases with increasing the values of generating capacity so the reliability of the system increases. The failure probability of the system increases with increase in σ C due to large uncertainty involved in the generating capacity distribution factor.
